We describe a fabrication process used t o manufacture high power-to-weight-ratio flexible solar array modules for use on high-altitude-longendurance (HALE) solar-electric unmanned air vehicles (UAVs). These modules have achieved power-to-weight ratios of 315 and 396 W/kg for 150"-thick monofacial and 1 1 Opm-thick bifacial silicon solar cells, respectively. These calculations reflect average module efficiencies o f 1 5.3%
INTRODUCTION
A span-loaded flying-wing vehicle, known as the RAPTOR PATHFINDER, is being employed as a technology integration platform t o enable high altitude long endurance flight [1]- [2] for weeks or months.
It requires lightweight flexible solar modules able t o endure mechanical stress and adverse environmental conditions. It therefore, presents a photovoltaic application that is intermediate t o conventional low cost terrestrial installations and expensive space satellite installations.
The airplane has a 30.5 meter wingspan with a 2.44 meter chord, and was originally b u i l t and flown in 1 9 8 3 b y AeroVironment, Inc. Flight altitudes exceeding 3.05 km were achieved at that time using Ag/Zn batteries as the power source. The flight envelope of the original aircraft has been expanded for highaltitude flight through major upgrades t o its structure and electric propulsion systems. In addition, the plane has been converted t o solar electric powered flight by covering the upper wing skin with lightweight flexible solar array modules. First generation modules containing 350 p m thick single crystal silicon solar cells were used t o provide approximately one-half of the electrical power in a series of flight tests which took place between 10/93 and 1 /94. This paper describes the development of a lightweight flexible solar array module fabrication process used on 32 m2 of second generation solar modules. These second generation modules contain both 11 0 and 150pm thick single crystal silicon solar cells. The combination of first and second generation modules t o be flown on the Pathfinder wing for the high altitude flight tests is shown in Fig. 1 . These tests are scheduled t o begin in the spring of 1995.
SOLAR CELL SELECTION AND D ESC RI PTl ON
The PATHFINDER airplane solar cell selection is a function of many parameters including the solar cell: (i) efficiency, (ii) weight, (iii) reliability, (iv) flexibility, (v) bifaciality, (vi) availability, and (vii) cost. In addition, the PATHFINDER wing dimensions are fixed a t 30.5 by 2.44 meters, and solar modules cannot be mounted on the front 25% and rear 5% of the wing due t o aerodynamic considerations. Thus, the maximum area available for solar module coverage is (30.5m) 
SOLAR ARRAY LAMINATE SELECTION
The solar array laminate materials must be lightweight, highly transmissive, UV stable, and able t o withstand the extreme temperatures seen at high altitudes. Fluoropolymers are ideally suited for this application because they are: virtually chemically inert, highly transmissive in the visible spectrum, dimensionally stable for temperatures between -70°C t o 107"C, highly abrasion resistant, and exhibit very little UV degradation. Candidate polymer materials with these properties include t h e f l o u r o p o l y m e r s e t h y l e n echlorotriflouroethylene (HalarTW) and polyvinylideneflouride (TedlarTW). Both o f these flouropolymers have high melting temperatures (>240"C), and low em bri ttl emen t temperatures As part of the selection process we have performed experiments t o determine the photovoltaic response versus incident angle for the two films laminated t o solar cells with a silicone transfer adhesive (Dielectric Polymer Neltape 1001). The results of these experiments are shown in Fig. 2 . The angular photoresponse of solar cells laminated t o 12.5pm (<-72"C). Tedlar is higher than for 25pm of Halar, making this material more suited for our application. This is because Tedlar has a higher transmission of lightfor h<700nm.
In addition, the Tedlar is commercially available in thinner layers than the Halar, and modules made from these two laminates will have slightly different weights as shown in Fig. 3. These two results indicate that Tedlar is the best laminate material for this application. 
SOLAR ARRAY LAMINATE STRUCTURE AND LAMINATION PROCESS

SUBMODULE DESCRIPTION AND PERFORMANCE
The The solar cell interconnects have been chosen t o have low resistance while being lightweight and flexible. We use 25pm thick Ag etched-mesh interconnects which electrically interconnect the solar cells along each edge. Modules made using these interconnects have been mechanically tested in our wing stress simulation apparatus. This apparatus simulates PATHFINDER take off, landing, and up t o a 5g load on the wing by subjecting the module to f0.115cm tension-compression cycles over a 51 cm rib bay section. This is the predicted worst case dimensional change expected for the flexible PATHFINDER airplane. If we add the bifacial component expected for the Type II cells (15% Albedo), we obtain a power t o weight ratio of 455 W/kg. Actual power to weight ratios for the submodules will be better than this because of the low operating temperatures expected in the 12,000 t o 24,000 meter (40-80,000 ft.) altitude range predicted for PATHFINDER during its spring 1995 test flights.
We have simulated the average cell temperature and maximum solar power versus altitude for the Type II (1 1 Oym bifacial) solar cells taking into consideration the curvature of the wing surface. The results are summarized in Fig. 7 (a-c) . In (a) The solar array weight considering all modules, interconnects, and tape is 27.6kg which represent 13% of the total plane weight. Since the wing material is transparent, a 15% Albedo will boost the power t o weight ratio t o 455W/kg for submodules containing the Type II bifacial cells.
